ART. 119]
POINTS  OF  EQUILIBRIUM.
59
Since there is no attracting matter within this sphere, it follows that the potential is constant throughout its interior.
Ex. 2. If the potential is not constant throughout the superficies of any closed surface S, let A be the greatest and B the least value. Trove that the potential at all points within 8 lies between A and B.                                                 [Stokes.]
Ex. 3. A level surface S completely encloses all the attracting matter of a system. If the consecutive level surfaces extending from S to infinity be drawn, prove that the potential continually decreases outwards from each to the next until it vanishes at an infinite distance.
117.    If the potential is constant throughout any finite space, it is also constant throughout all external space which can be reached with out passing through any portion of the attracting mass.   [Stokes.]
The external boundary of the space is necessarily a level surface. If possible let ^elTpblnroutsrde1 "the 'space at" wHich' the" pbTelilitT is"'a "liltle' greater than within the space. Since the level surface through A cannot cut the boundary, the potential at all points in the neighbourhood of A is greater than within the space. We can therefore describe an indefinitely small sphere, passing through A and having its centre 0 within the space, such that the potential is increasing outwards along every radius drawn from 0 to any point on the sphere outside the space and is constant along every radius which lies wholly within the space. It follows that the normal force has the same sign at every element of this sphere. This however by Gauss' theorem is impossible. In the same way it may be shown that no point A can exist in the neighbourhood of the space at which the potential is less than within the space.
Another Proof. It has already been pointed out in Art. 39 that the potential at P is a continuous function of the coordinates of P. It follows that when an expression has been found which represents the potential throughout atiy finite empty space that expression must also represent the potential throughout all external space which can be reached without passing through any portion of the attracting mass.
118.    Points of equilibrium.    If an isolated particle placed at any point P be in equilibrium under the attraction of any system, that point is called a point of equilibrium.    When every point of a curve is a point of equilibrium, the curve is called a line or curve of equilibrium.
When the potential of the attracting mass is known, the positions of the points of equilibrium are found by equating the first differential coefficients of the potential to zero, viz. dVjdx, dV/dy, &c.; for these represent the resolved parts of the forces parallel to the axes.
The e(luitibrium of a free isolated particle attracted by fixed bodies cannot be stable for all displacements or unstable for all displacements, but must be stable with reference to some displacements and unstable with reference to others. Earnshaw's theorem. Camb. Transac., 1839.                                 ——,,-,.
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